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Conjunctival microcirculatory blood flow is
altered but not abolished in brain dead
patients: a prospective observational study
Tomas Tamosuitis1, Andrius Pranskunas1*, Neringa Balciuniene1, Vidas Pilvinis1 and E. Christiaan Boerma2,3
Abstract
Background: The conjunctival microcirculation has potential as a window to cerebral perfusion due to related
blood supply, close anatomical proximity and easy accessibility for microcirculatory imaging technique, such as
sidestream dark field (SDF) imaging. Our study aims to evaluate conjunctival and sublingual microcirculation in
brain dead patients and to compare it with healthy volunteers in two diametrically opposed conditions: full stop
versus normal arterial blood supply to the brain.
Methods: In a prospective observational study we analyzed conjunctival and sublingual microcirculation using SDF
imaging in brain dead patients after reaching systemic hemodynamic targets to optimize perfusion of donor organs,
and in healthy volunteers. All brain death diagnoses were confirmed by cerebral angiography. Microcirculatory images
were obtained and analyzed using standardized published recommendations. Study registered at ClinicalTrials.gov,
number NCT02483273.
Results: Eleven brain dead patients and eleven apparently healthy controls were enrolled in the study. Microvascular
flow index (MFI) of small vessels was significantly lower in brain dead patients in comparison to healthy controls in ocular
conjunctiva (2.7 [2.4–2.9] vs. 3.0 [2.9–3.0], p = 0.01) and in sublingual mucosa (2.8 [2.6–2.9] vs. 3.0 [2.9–3.0], p= 0.02). Total
vessel density (TVD) and perfused vessel density (PVD) of small vessels were significantly lower in brain dead patients in
comparison to healthy controls in ocular conjunctiva (10.2 [6.6–14.8] vs. 18.0 [18.0–25.4] mm/mm2, p = 0.001 and 5.0
[3.5–7.3] vs. 10.9 [10.9–13.5] 1/mm, p = 0.001), but not in sublingual mucosa.
Conclusion: In comparison to healthy controls brain dead patients had a significant reduction in conjunctival
microvascular blood flow and density. However, the presence of conjunctival flow in case general cerebral flow is
completely absent makes it impossible to use the conjunctival microcirculation as a substitute for brain flow, and
further research should focus on the link between the ocular microcirculation, intracranial pressure and alternative
ocular circulation.
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Background
Over the last decade improved microcirculatory imaging
techniques such as sidestream dark field (SDF) videomicro-
scopy have allowed the direct observation of the micro-
circulation to assess capillary flow and density in
humans in various clinical conditions [1–4]. Clinical
studies have shown that microvascular alterations of
sublingual microcirculation are associated with inverse
outcomes [2, 5] and may direct therapeutic approaches
[6–8]. For practical reasons the microcirculation is
observed in the sublingual area in the vast majority of
publications. SDF imaging of ocular conjunctiva, how-
ever, has also been tested successfully [9] and has the
potential to be used as a surrogate measurement of
cerebral perfusion. The human brain is a highly per-
fused organ with blood supply mainly dependent on the
carotid circulation, branching off into two pairs of
arteries finally interconnecting into the Circle of Willis
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[10]. The human ocular circulation is mainly supplied by
ophthalmic artery (OA) which is a first major branch of in-
ternal carotid artery (ICA) with little contribution from the
external carotid artery [11, 12]. Close anatomical proximity
to the brain, common root of blood supply and availability
for direct evaluation makes ocular conjunctiva a tempting
window for a quick, noninvasive and dynamic assessment
of cerebral perfusion. Schaser and colleagues [13] analyzed
conjunctival microcirculation using orthogonal polarization
spectral (OPS) microscopy during carotid surgery aiming to
recognize early cerebral ischemia caused by ICA clamping.
The authors came to the conclusion that conjunctival OPS
imaging enables continuous monitoring of shunt efficiency
during carotid endarterectomy and the direct observation
of compensatory vascular changes in the terminal region of
the ICA. In a study published in abstract an inverse rela-
tionship between SDF-derived conjunctival microvascular
flow and rise in intracranial pressure (ICP) was observed in
head trauma patients [14]. In addition, Doppler-based mea-
surements of OA and central retinal artery have been used
to assess intracranial perfusion pressure [15, 16].
However, despite the obvious link between the cerebral
and ocular perfusion scientific data to link ocular microcir-
culatory perfusion with critical states of brain hypoperfu-
sion remain scarce. Our study aims to evaluate conjunctival
and sublingual microcirculation in brain dead patients and
to compare it with healthy volunteers in two diametrically
opposed conditions: full stop versus normal arterial blood
supply to the brain.
Methods
Setting
This prospective single-center observational study was
performed during a 9 months period in 2013/2014 in an
18 bed neurosurgical ICU in a tertiary teaching hospital.
Protocol and data collection
All study patients were included in the trial within first
24 h after final diagnosis of brain death was certified using
clinical symptoms and ancillary test (cerebral angiography)
according to Lithuanian Health ministry regulations and
international guidelines [17, 18]. Cerebral angiography
(GE INNOVA, USA) was carried out by two experienced
interventional radiologists performing more than 1000
interventions annually. Sepsis, anemia and hypoxia were
excluded by clinical and laboratory evaluation prior to the
initiation of the study protocol.
All brain dead patients were equipped with a central
venous catheter and arterial femoral PiCCO® catheter
(PULSION Medical systems, Munich, Germany) as stand-
ard monitoring for multi-organ donors. Patients were
managed according to the local institutional multi-organ
donor protocol based on international recommendations
[18–20]. The study protocol was initiated after systemic
hemodynamic, core temperature and electrolyte targets,
aiming for optimal homeostasis of internal organs, had
been achieved. The following data were recorded at base-
line: general characteristics, systemic hemodynamic pa-
rameters, routine laboratory tests, arterial blood gases,
sublingual and bilateral conjunctival SDF imaging.
The control group consisted of healthy volunteers with
no reported ocular pathology. After a 30 min resting
time hemodynamic parameters and ocular and sublin-
gual SDF images were taken. None of the control group
individuals was locally anaesthetized or did report any
discomfort related to the ocular SDF-imaging.
Videomicroscopic measurements and analysis
Sublingual and conjunctival microcirculation images
were obtained using SDF videomicroscopy (Microscan®,
Microvision Medicals, Amsterdam, the Netherlands).
We followed published expert recommendations for
quality and analysis of obtained images [21]. Images of
microcirculation were taken from at least three differ-
ent points in each location and recorded for at least
10–20 s, avoiding pressure artifacts and after gentle
removal of saliva in the sublingual area or tears in
the conjunctival area. Data were recorded at the hard
disk-drive of a personal computer using AVA 3.0v
software (Microvision Medical, Amsterdam, Netherlands)
for further analysis [22].
Video clips were blindly analyzed off-line by two investi-
gators in random order to prevent coupling. Each image
was divided into four equal quadrants. Quantification of
flow (no flow: 0; intermittent flow: 1; sluggish flow: 2; con-
tinuous flow: 3) was scored per quadrant, for each vessel
diameter cohort (small: 10–20 μm; medium: 21–50 μm;
large: 51–100 μm). The Microvascular Flow Index (MFI)
was calculated as the sum of each quadrant score divided
by the number of quadrants in which the vessel type was
visible. The final MFI was averaged over a maximum of 12
quadrants (three regions, four quadrants per region) de-
rived from the overall flow impressions of all vessels with a
particular range of diameter in a given quadrant. Calcula-
tion of total (small) vessel density (TVD) was performed
with the AVA 3.0® software package (Microvision Medical,
Amsterdam, The Netherlands) [22] using a cutoff diameter
for small vessels of <20 μm. After stabilization of the im-
ages, perfused (small) vessel density (PVD) was calculated
as the number of crossings with (perfused) (small) vessels
per total length of three equidistant horizontal and three
equidistant vertical lines.
Statistical analysis
Data were analyzed with Statistical Package for Social
Sciences (SPSS 22 for Windows, Chicago USA). With
respect to small numbers, data are presented as the
median [25th–75th percentiles] and analyzed with
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non-parametric tests. A p value of < 0.05 was considered
significant.
Results
Demographic and systemic hemodynamic data
Eleven brain dead patients and eleven healthy control in-
dividuals were recruited in this study. Both groups did not
differ in main demographic and hemodynamic parameters
(Table 1).
The brain dead group consisted of five patients with trau-
matic brain injury, three with intracerebral hemorrhage and
three with subarachnoid hemorrhages due to rupture of a
cerebral aneurysm. Nine brain dead patients required vaso-
pressor support: six managed with norepinephrine, two
with dopamine and one required both. Median values of
vasopressor support were low to intermediate and donor
protocol driven cardiac output was reached in all cases
(Table 2).
Microcirculation data
The conjunctival and sublingual microcirculation data are
presented in Fig. 1. The MFI of small vessels was signifi-
cantly lower in brain-dead patients in comparison with
healthy controls in ocular conjunctiva (2.75 [2.40 – 2.90] vs.
3.00 (3.00 – 3.00), p = 0.01) and in sublingual mucosa (2.83
[2.60 – 2.90] vs. 3.00 [3.00 – 3.00], p = 0.02). TVD and
PVD of small vessels were significantly lower in brain-dead
patients in comparison with healthy controls in the
ocular conjunctiva (10.2 [6.6 – 14.8] vs. 18.0 [18.0 –
25.4] mm/mm2, p = 0.001 and 5.0 [3.5 – 7.3] vs. 10.9
[8.5 to 13.5] l/mm, p = 0.001), but there was no differ-
ence in sublingual mucosa (18.1 [16.7–22.2] vs. 17.9
[17.5–26.2] mm/mm2, p = 0.76 and 10.0 [9.1–11.5] vs.
10.5 [9.2–15.6] 1/mm, p = 0.09, respectively).
Digital images of the conjunctival microcirculation in
brain dead and healthy individuals are presented in Fig. 2.
Discussion
To our knowledge this is the first study in which the ocu-
lar and sublingual microcirculation is directly observed in
brain dead patients. We were able to demonstrate statisti-
cally significant differences in perfused vessel density and
microvascular flow of small vessels in the conjunctival and
sublingual microcirculation in brain dead patients in com-
parison with healthy control. However, most strikingly,
conjunctival microvascular blood flow was clearly present
in all brain dead patients, although (by definition) overall
cerebral blood flow was absent during angiography.
These observations raise a number of questions. Is
conjunctival/ocular blood flow fully dependent on ICA
supply? And, if so, to what extent are the observed
conjunctival microcirculatory alterations the result of
reduced cerebral blood flow, as opposed to disruption of
endothelial integrity during brain death? The fact that
conjunctival microvascular blood flow is preserved to a
large extend during absence of flow in the ICA may be
in line with an alternative ocular blood supply. Schaser
et al. [13] demonstrated that ICA clamping reduces
capillary density and red blood cells velocity in the ipsi-
lateral conjunctiva in carotid artery surgery patients.
However, these authors also noticed that the conjunc-
tival microcirculation by no means was halted to a
standstill, which they explained by the development of a
collateral compensatory circulation. However, in brain
dead humans the acute timeline is unlikely to allow for
neovascularisation. Alternatively, conjunctival vascular-
isation is not fully ICA dependent. In retrospect we
found evidence of preserved circulation via the OA in
two out of three brain dead patients with lateral angio-
graphic imaging. We were unable to evaluate ophthalmic
circulation in other patients, since the routine position
for cerebral pan-angiography is anterior-posterior. This
position is not ideal for the detection of contrast filling
of the OA. It is conceivable that parts of the external ca-
rotid artery circulation contribute to the conjunctival
microcirculation. We expect to perform lateral imaging
during cerebral angiography in the future to clarify dif-
ferent ocular blood supply routes in brain dead patients.
Overall cerebral blood flow is determined by mean
arterial pressure and intracranial pressure [23]. Knowing
that the ophthalmic artery lies in the subdural space
Table 1 Baseline demographic and clinical characteristics (n = 11)
Brain dead Control p value
Gender, male/female, n 9/2 6/5 0.18
Age (years) 45 [32–63] 36 [26–43] 0.15
Heart rate (beats/min) 84 [73–97] 78 [68–90] 0.34
Mean arterial pressure (mmHg) 89 [78–93] 74 [68–92] 0.08
Data are presented as median [interquartile range] unless stated otherwise
Table 2 Clinical data of brain dead patients (n = 11)













Cardiac index (l/min/m2) 3.2 [2.8-4.0]
Hb concentration (g/l) 129 [105–141]
WBC count (×109 / l) 10.8 [9.4-12.6]
CRP (g/l) 15 [12–76]
pH 7.36 [7.32-7.40]
pO2 (mmHg) 145 [75–200]
Data are presented as median [interquartile range] unless stated otherwise,
Hb hemoglobin, WBC white blood cell, CRP C reactive protein, pO2 = oxygen
partial pressure
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Fig. 1 Conjunctival and sublingual microcirculation data of brain dead patients and control group TVD- total vessel density; PVD- perfused vessel
density; MFI- microvascular flow index
Fig. 2 Microscopic images of the conjunctival microcirculation in control group (a) and brain dead group (b). C - capillaries, V - venules
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while traveling intracranialy suggests that changes in
ICP should be reflected in flow in the OA and possibly
influence the circulation in terminal branches in the bul-
bar conjunctiva. Indeed, data in abstract form showed
that in traumatic brain injury patients conjunctival capil-
lary flow depended on the grade of increased ICP and
subsequent decrease in cranial perfusion pressure [14,
24]. Interesting, recently a study has been published re-
garding non-invasive ICP monitoring using OA flow
measurements with two-depth transcranial Doppler, as-
suming that intracranial segment of OA is compressed
by raised ICP and extracranial part of OA by pressure
applied on the orbit [15]. Results of OA transcranial
Doppler measurements proved to be accurate in com-
parison with ICP measurements via lumbar puncture.
However, ICP values did not reach a critical point.
Nevertheless, this paper initiated vivacious responses
from other investigators with contra-arguments whether
external segment of the OA is totally influenced by or-
bital pressure only [25]. In addition, Miller et al. [16]
demonstrated the effect of elevated ICP on the reduction
in central retinal artery flow velocities, measured by
spectral Doppler imaging. These results support the
hypothesis of a close interconnection between ICP
driven cerebral perfusion and the ocular circulation,
analyzed at various anatomical levels of the intracranial
part of OA.
The fact that alterations in sublingual microvascular
density were not significantly different from healthy con-
trols, in contrast to the conjunctival microcirculation, sug-
gests the influence of ICP. However, blood supply of the
sublingual area is mainly dependent on the external carotid
artery and should not be influenced by ICP. Nevertheless,
sublingual microvascular blood flow is equally altered in
brain dead patients, suggesting additional factors. Brain
death is typically followed by hemodynamic instability and
endothelial dysfunction, with or without a prior autonomic
storm [26, 27].
The vast majority of our patients needed vasopressor
therapy. It is known that in human sepsis microcircu-
latory alterations occur independently of central
hemodynamic changes and that there are differences in
microcirculatory response between the sublingual and
conjunctival area [9, 28]. In addition sublingual micro-
vascular alterations may also reflect intracerebral
pathology. Khalilzada and colleagues [29] stated that
sublingual reduction of functional capillary density is
statistically more frequent in patients with small vessel
disease than in patients with large vessel disease or
healthy volunteers when studying stroke patients.
Another sublingual microcirculation study in stroke
patients detected compromised glycocalyx barrier
properties, consistent with impaired endothelial func-
tion [30]. The contralateral impairment of conjunctival
microvascular blood flow after ICA clamping [13] may
also be in line with the idea that intracerebral path-
ology may be reflected in microvascular blood flow of
other parts of the body.
Our study has some limitations. We did not perform
angiography of the ophthalmic artery circulation. Nor
did we perform cerebral angiography in our control
group for obvious reasons. Literature suggests variations
in common arterial blood supply via ophthalmic artery
in healthy individuals [11].
Conclusion
We were able to demonstrate statistically significant dif-
ferences in perfused vessel density and microvascular flow
of small vessels in the conjunctival and sublingual micro-
circulation in brain dead patients in comparison with
healthy control. However, the presence of conjunctival
microvascular flow in case of absent general cerebral flow
makes it impossible to use direct in-vivo microscopy of
the conjunctival microcirculation as a substitute for brain
flow. Further research should focus on the link between
ocular microcirculatory alteration and cerebral pathology,
including the link between intracranial pressure and (al-
ternative) ocular circulation.
Abbreviations
CO, cardiac output; ICP, intracranial pressure; MAP, mean arterial pressure;
MFI, microvascular flow index; OA, ophthalmic artery; OPS, orthogonal
polarization spectral; PPV, proportion of perfused vessels; PVD, perfused
vessel density total vessel density (TVD); SDF, sidestream dark field; TBI,




No funding source involved in this study.
Availability of data and materials
The data will not be made available in order to protect the participants
identity.
Author’s contributions
TT performed SDF imaging, analysis and wrote the first draft; AP responsible
for data acquisition, image blinding and analysis, design of the study; NB
analyzed SDF images; VP participated in the design of the study; CB
contributed to the design of the study and wrote the final manuscript. All
authors read and approved the final manuscript.
Competing interests
The authors declare that they have no conflicts of interest.
Consent for publication
Not applicable.
Ethics approval and consent to participate
The study was carried out with approval of the Kaunas Region Biomedical
Research Ethics Committee (P1-BE-2–19) according to applicable laws and
with a written consent of next of kin of brain dead patients. Written
informed consent in the control group was obtained directly from the
healthy individuals. Study registered with ClinicalTrials.gov NCT02483273.
Tamosuitis et al. BMC Neurology  (2016) 16:95 Page 5 of 6
Author details
1Department of Intensive Care Medicine, Lithuanian University of Health
Sciences, Eiveniu str. 2, LT-50009 Kaunas, Lithuania. 2Department of Intensive
Care Medicine, Medical Center Leeuwarden, Henri Dunantweg 2,
Leeuwarden 8901 BR, The Netherlands. 3Department of Translational
Physiology, Academic Medical Center, Amsterdam, The Netherlands.
Received: 3 December 2015 Accepted: 9 June 2016
References
1. Goedhart PT, Khalilzada M, Bezemer R, Merza J, Ince C. Sidestream Dark
Field (SDF) imaging: a novel stroboscopic LED ring-based imaging modality
for clinical assessment of the microcirculation. Opt Express. 2007;15(23):
15101–14.
2. De Backer D, Donadello K, Sakr Y, Ospina-Tascon G, Salgado D, Scolletta S,
Vincent JL. Microcirculatory alterations in patients with severe sepsis: impact
of time of assessment and relationship with outcome. Crit Care Med. 2013;
41(3):791–9.
3. Boerma EC, van der Voort PH, Spronk PE, Ince C. Relationship between
sublingual and intestinal microcirculatory perfusion in patients with
abdominal sepsis. Crit Care Med. 2007;35(4):1055–60.
4. De Backer D, Creteur J, Dubois MJ, Sakr Y, Vincent JL. Microvascular
alterations in patients with acute severe heart failure and cardiogenic shock.
Am Heart J. 2004;147(1):91–9.
5. den Uil CA, Lagrand WK, van der Ent M, Jewbali LS, Cheng JM, Spronk PE,
Simoons ML. Impaired microcirculation predicts poor outcome of patients
with acute myocardial infarction complicated by cardiogenic shock. Eur
Heart J. 2010;31(24):3032–39.
6. Pranskunas A, Koopmans M, Koetsier PM, Pilvinis V, Boerma EC.
Microcirculatory blood flow as a tool to select ICU patients eligible for fluid
therapy. Intensive Care Med. 2013;39(4):612–9.
7. Boerma EC, Koopmans M, Konijn A, Kaiferova K, Bakker AJ, van Roon EN,
Buter H, Bruins N, Egbers PH, Gerritsen RT, Koetsier PM, Kingma WP, Kuiper
MA, Ince C. Effects of nitroglycerin on sublingual microcirculatory blood
flow in patients with severe sepsis/septic shock after a strict resuscitation
protocol: a double-blind randomized placebo controlled trial. Crit Care Med.
2010;38(1):93–100.
8. Sakr Y, Chierego M, Piagnerelli M, Verdant C, Dubois MJ, Koch M, Creteur J,
Gullo A, Vincent JL, De Backer D. Microvascular response to red blood cell
transfusion in patients with severe sepsis. Crit Care Med. 2007;35(7):1639–44.
9. Pranskunas A, Pilvinis V, Dambrauskas Z, Rasimaviciute R, Planciuniene R,
Dobozinskas P, Veikutis V, Vaitkaitis D, Boerma EC. Early course of
microcirculatory perfusion in eye and digestive tract during hypodynamic
sepsis. Crit Care. 2012;16(3):R83.
10. Cipolla MJ, In The Cerebral Circulation. Edited by Anonymous San Rafael
(CA): 2009
11. Hayreh SS. Orbital vascular anatomy. Eye. 2006;20(10):1130–44.
12. Kiel JW, In The Ocular Circulation. Edited by Anonymous San Rafael (CA): 2010
13. Schaser KD, Settmacher U, Puhl G, Zhang L, Mittlmeier T, Stover JF, Vollmar
B, Menger MD, Neuhaus P, Haas NP. Noninvasive analysis of conjunctival
microcirculation during carotid artery surgery reveals microvascular
evidence of collateral compensation and stenosis-dependent adaptation. J
Vasc Surg. 2003;37(4):789–97.
14. Atasever B, Gommers D, Bakker J. Conjunctival and sublingual
microcirculation alterations in head trauma patients with increased
intracranial pressure. Crit Care. 2007;11 Suppl 2:355.
15. Ragauskas A, Matijosaitis V, Zakelis R, Petrikonis K, Rastenyte D, Piper I,
Daubaris G. Clinical assessment of noninvasive intracranial pressure absolute
value measurement method. Neurology. 2012;78(21):1684–91.
16. Miller MM, Chang T, Keating R, Crouch E, Sable C. Blood flow velocities are
reduced in the optic nerve of children with elevated intracranial pressure. J
Child Neurol. 2009;24(1):30–5.
17. Wijdicks EF, Varelas PN, Gronseth GS, Greer DM, American Academy of N.
Evidence-based guideline update: determining brain death in adults: report
of the Quality Standards Subcommittee of the American Academy of
Neurology. Neurology. 2010;74(23):1911–8.
18. Shemie SD, Doig C, Dickens B, Byrne P, Wheelock B, Rocker G, Baker A,
Seland TP, Guest C, Cass D, Jefferson R, Young K, Teitelbaum J, Pediatric
Reference G, Neonatal Reference G. Severe brain injury to neurological
determination of death: Canadian forum recommendations. CMAJ. 2006;
174(6):S1–13.
19. Shemie SD, Ross H, Pagliarello J, Baker AJ, Greig PD, Brand T, Cockfield S,
Keshavjee S, Nickerson P, Rao V, Guest C, Young K, Doig C, Pediatric
Recommendations G. Organ donor management in Canada:
recommendations of the forum on medical management to optimize
donor organ potential. CMAJ. 2006;174(6):S13–32.
20. Mckeown DW, Bonser RS, Kellum JA. Management of the heartbeating
brain-dead organ donor. Br J Anaesth. 2012;108 Suppl 1:i96–107.
21. De Backer D, Hollenberg S, Boerma C, Goedhart P, Buchele G, Ospina-Tascon
G, Dobbe I, Ince C. How to evaluate the microcirculation: report of a round
table conference. Crit Care. 2007;11(5):R101.
22. Dobbe JGG, Streekstra GJ, Atasever B, van Zijderveld R, Ince C. Measurement
of functional microcirculatory geometry and velocity distributions using
automated image analysis. Med Biol Eng Comput. 2008;46(7):659–70.
23. Kirkman MA, Smith M. Intracranial pressure monitoring, cerebral perfusion
pressure estimation, and ICP/CPP-guided therapy: a standard of care or
optional extra after brain injury? Br J Anaesth. 2014;112(1):35–46.
24. Klijn E, Van Zijderveld R, Den Uil C, Ince C, Bakker J. Conjunctival microcirculation
in patients with traumatic brain injury. Crit Care. 2008;12 Suppl 2:106.
25. Miller MM, Chang T, Keating R, Sable C. Clinical assessment of noninvasive
intracranial pressure absolute value measurement method. Neurology. 2013;
80(5):507–8.
26. Simas R, Ferreira SG, Menegat L, Zanoni FL, Correia CJ, Silva IA, Sannomiya
P, Moreira LF. Mesenteric hypoperfusion and inflammation induced by brain
death are not affected by inhibition of the autonomic storm in rats. Clinics
(Sao Paulo). 2015;70(6):446–52.
27. Audibert G, Charpentier C, Seguin-Devaux C, Charretier PA, Gregoire H,
Devaux Y, Perrier JF, Longrois D, Mertes PM. Improvement of donor
myocardial function after treatment of autonomic storm during brain death.
Transplantation. 2006;82(8):1031–6.
28. Taccone FS, Su F, De Deyne C, Abdellhai A, Pierrakos C, He X, Donadello K,
Dewitte O, Vincent JL, De Backer D. Sepsis is associated with altered
cerebral microcirculation and tissue hypoxia in experimental peritonitis. Crit
Care Med. 2014;42(2):e114–22.
29. Khalilzada M, Dogan K, Ince C, Stam J. Sublingual microvascular changes in
patients with cerebral small vessel disease. Stroke. 2011;42(7):2071–3.
30. Martens RJ, Vink H, van Oostenbrugge RJ, Staals J. Sublingual microvascular
glycocalyx dimensions in lacunar stroke patients. Cerebrovasc Dis. 2013;
35(5):451–4.
•  We accept pre-submission inquiries 
•  Our selector tool helps you to find the most relevant journal
•  We provide round the clock customer support 
•  Convenient online submission
•  Thorough peer review
•  Inclusion in PubMed and all major indexing services 
•  Maximum visibility for your research
Submit your manuscript at
www.biomedcentral.com/submit
Submit your next manuscript to BioMed Central 
and we will help you at every step:
Tamosuitis et al. BMC Neurology  (2016) 16:95 Page 6 of 6
